M utations in KCNH2 (hERG) underlie the long-QT2 syndrome. Most long-QT2 mutations produce a trafficking defect resulting in a decrease in n, the number of functional channels on the cell surface. Some mutations can also alter gating characteristics. The short-QT syndrome generally relates to shifts in the voltage dependence of inactivation to more depolarized potentials results in less inward rectification at physiological potentials and a larger time-dependent current at the expense of the magnitude of the repolarizing tail current.
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Altomare et al 1 provide conceptual advances in understanding the relative contributions of changes in gating features and gmax to action potential duration (APD) and its temporal variance. They should be congratulated for their innovative experimental approach and the interesting results. The insights that they provide seem to have clinical relevance.
Altomare et al 1 substituted the innate guinea pig rectifier K + current (I Kr ) with injection of a modeled and programmable I Kr . This approach allows an assessment of the impact of programmable changes in the characteristics of I Kr on temporal variance on APD in the context of an otherwise native guinea pig cardiac action potential. This also allows requisite changes in cycle length elicited by a command potential in action potential clamp mode.
They examined temporal variability in repolarization. 1 Poincare plots allowed an assessment of the dynamics of the beat-to-beat variability of APD. Two metrics of beat-to-beat variability were computed: (1) SD1, the mean orthogonal deviation from the line of identity in the Poincare plot comparing the APD of beat n+1 with the APD of the nth beat; (2) SD2 is another metric of mean of the deviations from the identity line. However, the SD1/SD2 ratio provides a description of frequency component of the beat-to-beat variability being manifest as an alternans pattern versus a more complex pattern occurring over a longer period of time.
Poincare was a brilliant French mathematical physicist born in 1854. He made important contributions to celestial physics and probability theorems. He was genuinely interested in the fundamental laws that govern behavior of complex systems, over time. We build on the shoulders of such multidisciplinary work that might not be originally construed as being relevant to human biology. His work is an example of how inquisitive science can have unexpected and impactful applications.
There are many fascinating results from the work of Altomare et al. 1 First, the command injection of the modeled innate I Kr fully restored the SD1 metric of beat-to-beat variability to control values, but did not restore the SD1/SD2 ratio. Thus, the command modeled I Kr failed to fully substitute for the native I Kr during longer epochs. This suggests that there is an intrinsic control mechanism manifest in native I Kr during longer periods of data acquisition that is not fully realized in the single snap-shot measurement of I Kr . The implication is that there are other control mechanisms that are operative during longer term evaluations. These control mechanism could only be observed in the context of a fully intact cardiac myocyte. One such intrinsic molecular control mechanism could relate to dynamical changes in intracellular calcium. Previous studies by Heijman et al 2 reported that beat-to-beat variations in Ca (2+) modulate single-cell beat-to-beat APD variability. Calcium-sensitive autoregulatory events could mediate changes in hERG activity by (1) phosphorylation/dephosphorylation of the hERG protein itself; (2) endosome to plasmalemmal membrane recycling (likely this occurs during short-time epochs); (3) changing translational rates of hERG (longer time constants of autoregulation) or by changing the activity of other regulatory proteins. Other autoregulatory processes could contribute. Prolongation of action potential itself can alter sarcoplasmic reticulum calcium stores and increase propensity for Store Overload Induced Calcium Release (SOICR) leading to reverse mode sodium calcium exchange and induced early after depolarizations.
Another major insight provided by the Altomare et al study 1 is that repolarization, and its temporal variability was more sensitive to shifts in the voltage dependence of inactivation than any other electrophysiological variable that was tested. Negative shifts in V 0.5 of inactivation to hyperpolarized potentials prolonged APD and increased SD1, whereas positive shifts shortened APD and shortened SD1. In contrast, decreases in gmax and changes in activation/deactivation had more modest effects on APD. Interestingly, decreases in gmax, which potentially could mimic a trafficking defect, increased the SD1 metric of temporal variability without appreciable prolongation of the APD itself. The implication of this finding is that APD alone seems to be an inferior tool to examine arrhythmogenic risk compared with SD1. Interestingly, this finding may have significant relevance to how hypokalemia increases propensity to arrhythmogenicity in the long-QT syndrome. Change in [K + ] o alters the characteristic of inactivation of the hERG current. The study by Yang et al 3 indicates that decreasing the [K + ] o from 4 to 1 mmol/L accelerate the time constant for onset of inactivation. Thus, extracellular potassium can modify the impact of a mutation on the hERG current.
In contrast, in the study of Altomare et al, 1 positive shifts in the V 0.5 of activation increased the SD1 metric of variability without appreciable change in APD. In addition, negative shifts in the V 0.5 of activation had little effect on APD or SD1. Similarly, scaling the activation/deactivation τ values had little or no effect on APD or SD1. This kind of insight could not been fully realized except in the context of dynamic clamp in an intact cardiac myocyte.
A remaining challenge is to simulate or experimentally integrate metrics of temporal beat-to-beat variability in repolarization with spatial (eg, transmural) heterogeneity of action potential shape. The extent of in cell-to-cell coupling across the wall of the heart may modulate the impact of temporal beat-to-beat variability.
The limitations of the study are well outlined in the Discussion section of the article. In this study, the author's modeled activation and deactivation as a monoexponential function. The reality is that deactivation of hERG is a biexponential process. Particularly, the slow component of deactivation can result in summation of the current and shortening of APD at shorter cycle lengths. Whether this element would have an impact on APD is likely dependent on the diastolic interval.
The epochs evaluated by their robust study were short, as expected by their methodology. Individuals with long-QT syndrome live normal lives for years and years, without an episode of Torsades and then environmental or other factors can alter their risk state. Another implication of the study of Altomare et al 1 is that factors that intrude to alter the inactivation properties of the hERG channel may be important in altering temporal risk to Torsades. Environmental factors could include drugs, hypokalemia, body temperature, autonomic, and other neuro-mediated influences.
In review, this work has potentially important clinical implications and informs the community about the importance of the characteristics of inactivation to the impact of a mutation on the resultant physiology.
